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Abstract: Bariatric surgery produces significant and quantifiable reductions in back pain. However,
there is a lack of information on the association of weight changes after bariatric surgery with changes
in pain score. We aim to evaluate the impact of bariatric surgery on back pain in obese patients
and to address the association between changes in body mass index (BMI) and pain score. In obese
patients eligible for bariatric surgery, the changes in pre- and post-operative pain scores, assessed by
the Numeric Rating Pain Scale (NPS) or Visual Analogue Scale (VAS), were considered as primary
outcomes. Mean difference (MD) and their 95% confidence intervals (CI) were evaluated. Eight
cohort studies were included in the analysis of 298 obese patients undergoing bariatric surgery. All
studies showed a reduction in back pain, with a mean change of −2.9 points in NPS and of −3.8 cm
in VAS. There was a significant reduction in back pain (NPS: (MD = −3.49) (95% CI = −3.86, −3.12);
VAS: MD = −3.75, (95% CI = −4.13, −3.37)) and BMI (MD = −12.93, (95% CI = −13.61, −12.24))
following bariatric surgery. No significant relationship between BMI change and decrease in clinical
scores could be established. However, it was evident that bariatric surgery had a significant effect on
back pain scores in severely obese patients. Ideally, a prospective study including spinal imaging,
inflammatory markers, a longer follow-up period, and larger study groups with a randomized
control group needs to be performed.

Keywords: low back pain; bariatric surgery; obesity; meta-analysis; meta-regression

1. Introduction

Obesity is a growing health problem worldwide. The WHO reported that about
1.9 billion adults were overweight and 600 million adults were obese in 2016, numbers
which continue to rise over the years [1]. Obesity is defined as an excessive or abnormal
fat accumulation and is calculated by the body mass index (BMI). It is a complex and
multifactorial condition, with a great risk for the patient’s health. A BMI above 25 mg/kg2

is defined as overweight, and a BMI of 30 or more as obese. Obesity is associated with
an increased risk for type 2 diabetes, hypertension, cardiovascular diseases, cancer and
musculoskeletal diseases, including low back pain (LBP) [2–4]. Among obese patients,
the prevalence of LBP ranges from 22% to 68.1% [5,6]. According to the American Obe-
sity Association (AOA), LBP is prevalent in nearly one-third of Americans classified as
obese. Obesity was previously reported as an important cause of LBP [7–10]. Therefore,
understanding the impact of weight control on LBP is required.

Over the past decade, bariatric surgery has emerged as an attractive, evidence-based
option that offers significant and durable weight loss and improved health outcomes
for those with clinically severe obesity. American Society for Metabolic and Bariatric
Surgery guidelines suggest the position statement on consensus for BMI (35 to 40 without
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comorbidities or 30 to 35 with significant comorbidities) as an indication for bariatric
surgery [11,12]. Besides weight reduction, bariatric surgery also produces significant and
quantifiable reductions in back pain [13]. We hypothesize that the resulting consequence of
this is a cascade of weight loss initiated by bariatric surgery, which in turn can beneficially
affect the patient’s back pain. A previously published systematic review [13] and meta-
analysis [14] have reported that bariatric surgery in severely obese patients decreases the
intensity of LBP and also decreases disability due to secondary back problems. However,
there is a lack of information on the association of weight changes following bariatric
surgery with pain score change.

In order to understand the clinical significance of LBP after bariatric surgery, the main
objectives of the present review are (1) to evaluate the impact of bariatric surgery on the
weight of severely obese patients; (2) to identify the effect of bariatric surgery on the pain
score and secondary outcomes (disability and disc space height); and (3) to evaluate the
association of weight change with pain score or disability score change if any.

2. Materials and Methods
2.1. Search Strategies

The literature was searched in accordance with preferred reporting information for
systematic reviews and meta-analyses (PRISMA) guidelines [15]. The online databases
EMBASE, MEDLINE, PubMed and Cochrane Central Register of Controlled Trials were
searched to identify all relevant studies published in English between 1966 and October
2020. The search included the following terms: “bariatrics”, “obesity”, “gastric bypass”,
“gastric sleeve”, “Roux-en-Y”, “RYGB”, “sleeve gastrectomy”, “adjustable gastric band”
and “back pain”, with appropriate combinations of operators “AND”, “OR”, and “NOT”
as described in Supplemental Table S1. Additional references were assessed using the
reference lists of relevant studies. The review protocols are registered on PROSPERO
(International Prospective Register of Systematic Reviews number, CRD42021189111).

2.2. Inclusion Criteria

(1) Randomized controlled trials (RCT) and observational studies of any bariatric surgery
(bariatrics, gastric bypass, gastric sleeve, Roux-en-Y, RYGB, sleeve gastrectomy, or
adjustable gastric band).

(2) Studies which enrolled adult obese patients with a BMI > 40 kg/m2, or a BMI ≥ 35kg/m2

with comorbidities, undergoing primary bariatric surgery.
(3) Studies which reported the pain intensity change of the lower back with the Nu-

meric Rating Pain Scale (NPS) or Visual Analogue Scale (VAS) before and after
bariatric surgery.

(4) Studies which reported a follow-up of at least 3 months.

2.3. Exclusion Criteria

Meta-analyses, systematic reviews, editorials, in vitro biomechanical studies, and
studies looking into LBP caused by pathological entities were excluded.

2.4. Types of Outcomes Measures

The following outcomes measures were assessed in this review:

(1) Primary outcome: the change in the pain intensity score of the LBP before and after
bariatric surgery, as measured in VAS or NPS, and the change in BMI before and after
bariatric surgery.

(2) Secondary outcomes: the change in disc space height, back-specific disability question-
naires (Roland–Morris score, Oswestry Disability Index (ODI), and Waddell Disability
Index) and pain pressure threshold (PPT) before and after bariatric surgery; the as-
sociation between the back-specific disability questionnaires (Roland–Morris score
or Oswestry Disability Index (ODI) or Waddell Disability Index) and BMI changes
following bariatric surgery for severely obese patients.
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2.5. Selection of Studies

Two reviewers (FWK and XLC) screened the titles and abstracts following the inclusion
and exclusion criteria. In all of the potential eligible studies, the full text was reviewed.
When consensus could not be reached between the reviewers, a third reviewer (AD) was
consulted to resolve the disagreement.

2.6. Data Extraction

Two reviewers (FWK and XLC) extracted data independently. The reviewers collected
the following data: methods (first author’s name, publication year, study design, sample
size, inclusion and exclusion criteria, mean duration of follow-up), participants (number of
participants, age, gender), interventions (surgical procedure), and outcomes (for each pri-
mary outcome: preoperative and post-operative pain intensity scores and BMI; secondary
outcome: back-specific disability scores).

2.7. Risk Bias Assessment

The Newcastle–Ottawa Scale (NOS) was used to assess the methodological quality of
the included observational studies [16]. The NOS tool judges an article on three domains:
(1) selection of the group, (2) comparability and (3) assessment of the outcomes. The score
of a study can range from 0 to 9, where a study with score of 7 or higher will be categorized
as low risk. A sensitivity analysis was conducted to assess the impact of including studies
with a high overall risk of bias. The assessments were discussed with a second researcher
(XLC), and disagreements were resolved by the third reviewer (AD).

2.8. Statistical Analysis

Mean difference (MD) and standard deviation (SD) were calculated. To calculate MD,
the mean change for the post-operative data was subtracted from the mean change for
pre-operative data. The SD was generated by dividing the standard deviations by the
square root of the study population. The chi-squared (I2) statistic was used to measure
heterogeneity among the trials. I2 < 50% implied homogeneity, and the analysis included a
random-effects model by the DerSimonian–Laird method. I2 > 50% indicated heterogeneity
and, consequently, a fixed-effects model was used according to the Mantel–Haenszel
method. We conducted subgroup analysis and sensitivity analysis to assess the impact of
heterogeneity. MD and 95% confidence intervals (CI) were reported. A forest plot was used
to calculate the results. Publication bias was assessed by funnel plot symmetry using the
Begg–Mazumdar test. The statistical significance was set at 5% (α = 0.05).

Meta-regression was used for moderator analyses because it reduces the probability
of type I error by computing concurrent estimates of independent effects by multiple
moderators on the variation in effect size across trials. To calculate the association of
mean pain change with BMI change, we included BMI change as a predictor in a meta-
regression analysis.

Finally, this meta-analysis was performed according to the Meta-analysis of Obser-
vational Studies in Epidemiology group recommendations for improving the quality of
reporting of meta-analyses of clinical observational studies, respectively [17,18]. STATA
software (Release 15, StataCorp LLC, College Station, TX, USA) was used for the statisti-
cal analyses.

2.9. Quality Assessment

The Grading of Recommendations Assessment, Development and Evaluation (GRADE)
system was used to evaluate the levels of evidence, the quality of assessment and the results
from data extraction [19]. The quality was rated as “very low”, “low”, “moderate” or “high”
(Supplemental Table S2).
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3. Results
3.1. Study Selection

The literature search is illustrated in the PRISMA flow diagram (Figure 1). Eight
observational studies met the selection criteria for the purposes of the present review and
were included in the final systematic review. All of the included studies consisted of eight
cohort studies which were published from 2005 to 2019 [20–27].

Figure 1. Flow chart showing the selection of articles for back pain evaluation after bariatric
surgery in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines.

3.2. Study Characteristics

Among a total of 298 patients in the eligible studies, the median of the mean age was
44.1 years, of which 75.8% were female. The mean overall follow-up was 42.4 weeks (range
from 13 to 104.4 weeks).

The bariatric interventions in these studies included Roux-en-Y gastric
bypass [20–22,25,26], sleeve gastrectomy [20,21,23,24,26], gastric banding [26,27] and duo-
denal switch [26]. Three studies reported that surgical interventions were performed
laparoscopically [23,24,26], and six studies reported open interventions [20–22,25–27]. The
study characteristics of all included studies are presented in Table 1.



J. Clin. Med. 2021, 10, 1443 5 of 13

Table 1. Demographic data, surgical technique, and surgery-related clinical outcomes for the selected studies.

Author_Year

Population Outcomes
Follow-Up
(Months)

Study
DesignN. Total Intervention N. Female Mean Age

(Years)
Initial BMI

(kg/m2)
Post-Op

BMI (kg/m2) LBP Pre-Op LBP Post-Op LBP Disability

Melissas_2005 29 VBG 23 37.5 47.2 ± 8.8 32.9 ± 6.3 VAS 5.5 ± 1.97 2.14 ± 1.88 ODI/RMD/WDI 24 Cohort study
Khoueir_2009 38 RYGB or DS or SG 30 48.4 52.3 ± 12.61 38.32 ± 9.66 VAS 5.2 ± 3.35 2.9 ± 3.1 Yes/ODI 12 Cohort study
Josbeno_2010 20 LRYGB 18 41.6 46.9 ± 6.3 37.4 ± 5.7 NPS 3.5 ± 1.8 1.7 ± 2.63 3 Cohort study

Lidar_2012 30 LAGB or SG or
LRYGB or DS 15 49 42.8 ± 4.8 29.7 ± 3.4 VAS 5.7 ± 3.12 1.33 ± 2.13 12 Cohort study

Vincent_2012 25 LRYGB or LAGB 20 41 47 ± 7 39.1 NPS 5.5 ± 4 2.5 ± 3.7 3 Cohort study
Çakır_2015 39 SG 39 37.7 46.49 32.3 VAS 6.67 ± 2.68 1.97 ± 2.17 6 Cohort study

Gallart-
Aragón_2018 72 SG 47 45.36 - - NPS 3.95 ± 3.73 1.97 ± 2.95 6 Cohort study

Bhandari_2019 45

SG or
one-anastomosis
gastric bypass or

LRYGB

34 54.7 54.2 ± 8.6 - NPS 7.3 ± 1.4 2.3 ± 1.4 RMD 12 Cohort study

N., number; Pre-op, preoperative; Post-op, post-operative; BMI, body mass index; DS, duodenal switch gastric bypass; LAGB, laparoscopic adjustable gastric banding; LRYGB, Laparoscopic Roux-en-Y gastric
bypass; RYGB, Roux-en-Y gastric bypass (open and laparoscopic); SG, sleeve gastroplasty; VBG, vertical banded gastroplasty; VAS, Visual Analogue Scale; NPS, Numeric Rating Pain Scale; ODI, Oswestry
Disability Index; RMD, Roland–Morris disability questionnaire; WDI, Waddell disability index.
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3.3. Risk of Bias

The methodological quality of these cohort studies was assessed using the NOS-
tools in Table 2. All studies were awarded more than seven stars, which demonstrated
high-quality.

Table 2. Assessment of the methodological quality of the studies according to the Newcastle–Ottawa Scale (NOS).

Author Year Country Surgical Procedures Selection (/4) Comparability
(/2)

Outcome
(/3)

Total
(/9)

Melissas 2005 Greece VBG 4 0 3 7
Khoueir 2009 USA RYGB or DS or SG 4 0 3 7
Josbeno 2010 USA LRYGB 4 0 3 7

Lidar 2012 Israel LAGB or SG or LRYGB or
DS 4 0 3 7

Vincent 2012 USA LRYGB or LAGB 4 1 3 8
Çakır 2015 Turkey SG 4 0 3 7

Gallart-Aragón 2018 Spain SG 4 0 3 7

Bhandari 2019 India SG or one-anastomosis
gastric bypass or LRYGB 4 0 3 7

Note: A study awarded seven or more stars is regarded as a high-quality study.

3.4. Back Pain Intensity

All of the studies show a favorable improvement in back pain intensity scores (NPS
and VAS) after bariatric surgery. Based on all of the eight included studies, the change in
LBP after bariatric surgery showed a 40% to 86.7% reduction (MD = −3.62 (95% CI = −3.89,
−3.35)) (Figure 2) [20–27].

We obtained subgroup analysis based on a different pain score questionnaire. Four
studies measured pain intensity using NPS [20,22,24,25] and four studies measured pain
intensity using VAS [21,23,26,27]. Among all patients, the mean back pain intensity score
was 2.9 points and 3.8 cm lower after bariatric surgery compared to before in the NPS
group and VAS group, respectively. In our meta-analysis, the change in NPS score and VAS
score after bariatric surgery showed a significant change in the fixed effects model (NPS
group: MD = −3.49 (95% CI = −3.86, −3.12); VAS group: MD = −3.75 (95% CI = −4.13,
−3.37)) (Figure 2). We rated the quality of evidence as low due to inconsistency in findings
and a lack of blinding in estimates.

A sensitivity analysis of the results is listed in Table 3. As there was significant
heterogeneity, we obtained subgroup analysis based on publication date, number of pa-
tients and follow-up period. It showed no effect on the heterogeneity. A funnel plot
of the results of included trials appeared to be asymmetrical (Supplemental Figure S1,
no publication bias). A sensitivity analysis of the results showed the heterogeneity was
caused by Bhandari et al. [20] in the NPS group and Khoueir et al. [21] in the VAS group.
After re-analysis of the data, the results showed homogeneity (NPS group: MD = −2.07
(95% CI = −2.59, −1.55), I2 = 9.2%; VAS group: MD = −4.58 (95% CI = −5.13, −4.03),
I2 = 0.0%).



J. Clin. Med. 2021, 10, 1443 7 of 13

Table 3. Grading of Recommendations Assessment, Development and Evaluation (GRADE) level of quality assessment. The table presents a detailed summary of the evidence, including
statistical model (mean difference and associated confidence intervals (CI)), regression data, tests of homogeneity, publication bias (Begg’s test), and the certainty of the evidence.

Outcome Test
Statistical Model Homogeneity

Begg’s P Level of Quality
MD/r 95% CI p Value p Value I2 (%)

NPS

Meta-analysis −3.49 −3.86, −3.12 a

-
0.000 ***,b 95.1 c 1.000 L 1,2,3

Sensitivity analysis -

Publication date

-

−0.68, 1.06

-

94.8

-Follow-up period −0.24, 0.86 76.1

Number of patients −0.19, 0.20 96.7

Meta-regression with BMI -

VAS

Meta-analysis −3.75 −4.13, −3.37 a

-
0.000 ***,b 85 c

0.12
L 1,2,3

Sensitivity analysis - -

Publication date

-

−2.46, 1.68

-

60.8

-Follow-up period −3.52, 3.97 90

Number of patients −3.14, 3.29 92.4

Meta-regression with BMI 1.87 −1.83, 5.57 0.162 -

ODI

Meta-analysis −11.44 −14.84, −8.03 a

-
0.008 **,b 85.7 c 1.000 M 1,2,3

Sensitivity analysis

Publication date

-
Follow-up period

Number of patients

Meta-regression with BMI

Pre-op, preoperative; post-op, post-operative; CI, confidence intervals; MD, mean difference; VAS, Visual Analogue Scale; NPS, Numeric Rating Pain Scale; ODI, Oswestry Disability Index. a 95% CI including 0
means no statistical significance, while not including 1 means have statistical significance; b p < 0.05 indicated significance; c I2 > 50% implied heterogeneity. Quality of evidence: H = high, M = moderate, L = low,
VL = very low. Significant difference, ** p < 0.01, *** p < 0.001. 1—rated down for risk of bias; 2—rated down for inconsistency; 3—rated up for large magnitude of effect (strong evidence of association—significant
relative risk of >2 (<0.5) based on consistent evidence from two or more observational studies, with no plausible confounders (+1); very strong evidence of association—significant relative risk of >5 (<0.2) based
on direct evidence with no major threats to validity (+2)).
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Figure 2. Back pain score changes following bariatric surgery were reported as mean difference (MD) and 95% confidence
intervals (CI). Temporal analysis based on different pain score questionnaires was performed. VAS, Visual Analogue
Scale; NPS, Numeric Rating Pain Scale; Pre-op, preoperative; Post-op, post-operative; SD, standard deviation; MD,
mean difference.

3.5. BMI Change

Six studies reported the initial and post-operative BMI [21–23,25–27]. In a total of
181 patients from these six studies, the mean initial BMI was 47.1 kg/m2 (range from
42.8 to 52.25 kg/m2) and the mean reduction in BMI was 25.9% (ranged from 16.8% to
30.5%). There was a statistically significant reduction in mean BMI following bariatric
surgery (Figure 3) (six studies [21–23,25–27]; MD = −12.93 (95% CI = −13.61, −12.24)).
Heterogeneity was high and statistically significant (I2 = 90.8%; p = 0.000). We rated the
quality of evidence as moderate due to inconsistency in findings and the large magnitude
of effect.

As there was significant heterogeneity, we obtained subgroup analysis based on
publication date (95% CI = −0.56, 0.24; I2 = 84.5%), number of patients (95% CI = −0.27,
0.11; I2 = 83%) and follow-up period (95% CI = −0.22, 0.17; I2 = 89%). It showed no effect
on the heterogeneity.
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Figure 3. Body mass index (BMI) changes following bariatric surgery were reported as mean difference (MD) and 95%
confidence intervals (CI). Pre-op, preoperative; Post-op, post-operative; SD, standard deviation; MD, mean difference.

3.6. The Association of Mean Pain Change with BMI Change

Six studies reported BMI changes and pain intensity changes following bariatric
surgery [21–23,25–27]. As shown in Table 3, no significant relationship between BMI
change and decrease in clinical scores could be established (r = 0.44, (95% CI = −4.24,
5.12), p = 0.806). Based on different pain score questionnaires for subgroup analysis, no
significant association was found between the change in BMI and decrease in clinical scores
(Table 3).

3.7. Disability Change

Three of the eight studies investigated the disability outcomes: (a) Roland–Morris
disability questionnaire (RMD) [20,27], (b) ODI [21,27], and (c) Waddell disability index [27].
There was a statistically significant reduction in ODI following bariatric surgery by the
mixed effect model (Figure 4, MD = −11.44 (95% CI = −14.84, −8.03)). Heterogeneity
was high and statistically significant (I2 = 85.7%; p = 0.008). The large magnitude of effect
upgraded the low-quality evidence from the cohort studies to high-quality. However,
inconsistency in findings downgraded the quality of statistically significant difference
between the initial and post-operative BMI to moderate.

Figure 4. Oswestry Disability Index (ODI) changes following bariatric surgery were reported as mean difference (MD) and
95% confidence intervals (CI). Pre-op, preoperative; Post-op, post-operative; SD, standard deviation; MD, mean difference.
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3.8. Other Clinical Outcomes

The intervertebral disc space height was examined by Lidar et al. in 30 morbidly
obese patients undergoing bariatric surgery to determine the effect on axial and radicular
pain, intervertebral disc space height, and quality of life one year after surgery [26]. One
year post-operatively, the L4–L5 disc space height on CT scans significantly improved
from 6 mm to 8 mm. The PPT was measured by Gallart-Aragón et al. in 72 morbidly
obese patients undergoing sleeve gastroplasty to investigate quality of life and pain. No
significant changes were seen in PPTs after SG [24].

4. Discussion

Here, we have performed meta-regression for the first time addressing the association
of mean back pain changes with BMI change following bariatric surgery on obese patients.
We identified a total of eight cohort studies with 298 obese patients who underwent
bariatric surgery including Roux-en-Y gastric bypass, sleeve gastrectomy, gastric banding,
and duodenal switch. All studies reported BMI and pain scores for back pain before and
after bariatric surgery.

Results of our meta-analysis revealed that BMI in obese patients was statistically
significantly lower following bariatric surgery across all eight included studies, which is
consistent with previous recommendations on the use of bariatric surgery for obesity [28,29].
Meanwhile, our meta-analysis showed a significant decrease in back pain scores in obese
patients following bariatric surgery over the eligible studies. Among all patients, the
mean change in back pain score in NPS was 2.9 points and in VAS was 3.8 cm following
bariatric surgery. These changes are equivalent to previous definitions of the minimal
clinically important change in back pain intensity [30]. Moreover, an improvement in
disability was reported in two of the studies based on ODI score following bariatric
surgery [21,27]. Despite the plethora of research focused on gaining an understanding
of the interplay between BMI change and LBP following bariatric surgery, many of the
underlying mechanisms remain obscure.

In exploring the causation of improved back pain following bariatric surgery, some
authors have proposed many different etiological factors, such as mechanical change or
musculoskeletal change and biochemical change [8,26,31–33]. Obesity can reduce the range
of motion of the spine by postural adaptation and increase the mechanical load on the spine
by causing a higher compressive force or increased shear stress on the lumbar spine [34]. As
a consequence of the reduction in BMI following bariatric surgery, the mechanical loading
on the intervertebral disc or facet joint is further reduced, which may cause the decrease in
back pain. Furthermore, the low-grade systemic inflammation resulting from increased
production of cytokines and acute-phase reactants in obese patients act as mediators for
intervertebral disc degeneration, which might explain the effect of obesity on the back
pain [31–33]. There is compelling evidence to indicate that obesity is strongly associated
with LBP.

Weight loss following a healthy diet and effective physical activity is also likely to have
a positive effect on back pain symptoms. Maintaining a healthy body weight may be one of
the factors preventing the occurrence of LBP. Although all of the included studies reported
a significant reduction in BMI and back pain score following bariatric surgery, there is still
no consensus on the association between the reduction in BMI and the decrease in pain
score [20,21,23,26]. In our meta-regression, there is no significant correlation between BMI
change and back pain score change.

Although we did not find a direct linear correlation between the BMI reduction and
the decrease in back pain following bariatric surgery, we think that this finding may reflect
the major limitation of our study where the potentially included “population” (obese
patients with back pain) studied were excluded for not reporting on back pain; hence, the
true correlation of poor clinical results to BMI changes remains undetermined. Another
possible explanation is that the lack of association may be explained by the observation
that in severely obese patients, the disc and facet joints are exposed to many years of
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considerable axial loads, combined with normal aging and dehydration of the disc. These
changes, in turn, may lead to BMI recovery, causing them to behave in a stepwise rather
than in a linear fashion. These changes indicate that even if the BMI is reduced, the state of
back pain by intervertebral disc degeneration will not change.

Limitations of the Study

There are several limitations to this study that should be considered. Firstly, this
meta-analysis only included prospective observational studies without control groups. The
analysis resulted in too much heterogeneity between the pooled studies. A fix effect model
showed a significant reduction. However, with the low-quality of the results, a definite
conclusion cannot be drawn until more studies become available. Secondly, the range of
follow-up period was large (from 3 to 24 months). There is a great heterogeneity in the
time of data collection of the post test. Thirdly, the mean follow-up of the studies was short.
No conclusion about long-term effects and the durability of the back pain problems can be
made. Fourthly, the history of the patients’ back pain problems is unknown in most studies.
Fifthly, meta-regression analysis describes observational associations across trials because
comparisons of trial-level characteristics lack the benefit of randomization to support causal
interpretation of findings. Consequently, associations between trial-level characteristics and
effects of interventions are subject to the same limitations as findings from observational
studies, such as bias by unmeasured confounding. Lastly, not all included studies reported
the loss in patients follow-up. Still considering the limitations, more research is needed
to establish if bariatric surgery should be considered prior to spinal surgery in morbidly
obese patients solely with back pain.

5. Conclusions

From this meta-analysis, the data of back pain improvement following bariatric
surgery are encouraging. However, considering the high heterogeneity, the evidence is
of low quality. More research is needed to draw a correct weighted conclusion. Ideally,
a prospective study including spinal imaging, inflammatory markers, longer follow-up
periods, and larger study group with a randomized control group needs to be performed.
The relationship between weight loss and reduction in back pain is complex but remains
scientifically unclear. To further understand how and why bariatric surgery could reduce
the back pain problems of obese patients, the mechanical and inflammatory effects of
obesity on the spine should be better understood.
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method) in Supplemental Figure S1.
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